In this paper, we propose a new computational method of the warped distance (WaDi) for digital image interpolation. The conventional WaDi algorithm only uses the local asymmetry features of image edges to compute the WaDi and then uses the computed WaDi in place of the interpolation operator in the linear interpolations. The local gradient features are one kind of the important features of image edges as well as the local asymmetry features. In this paper, we adopt both the local asymmetry features and the local gradient features in the WaDi computation. Experimental results show that the proposed method can obtain high accuracy interpolated images.
INTRODUCTION
Image interpolation is a prime technique in image processing. It is used in many important applications such as digital high-definition television, big screen display, copy and print machine, medical imaging, end-user equipment and so on.
The conventional image linear interpolations (e.g., the bilinear and bicubic interpolations [1] ) are used widely in many applications. However, the conventional linear interpolations have a serious blurring problem, because they ignore the features of the image pixel data, such as the frequency features, the edge features, the features under multiresolution and so on. For solving the blurring problem in image interpolation, various resolution enhancement (RE) interpolation algorithms were proposed. Some of the RE interpolation algorithms [2] , [3] use multiresolution pyramid representations of a lowresolution image to calculate an interpolated highresolution image. In [2] , the Laplacian pyramid is used for predicting the high frequency components. In [3] , a wavelet-based interpolation is presented. Another popular type of the RE interpolation algorithms [4] , [5] 
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Local Gradient Features
In digital images, the local gradient features are also one kind of the important features. In [7] , using the local ,+ a( fi+l,j
where the parameter a is in the range of [0, 1].
Proposed High Accuracy WaDi Interpolation
From [7] , we know that the local gradient weights can be used for the bilinear interpolation as To do a quantitative evaluation of the proposed WaDi interpolation, we use the "imresize(I, 0.5, bilinear)" of matlab to lowpass filter the different well-known test images (256x256) and subsample the lowpass filtered images to 1/2 times of their original size. Then, the subsampled images are interpolated to their original size using the bilinear, the proposed WaDi and the conventional WaDi interpolations with the different parameters. The minimized MSE values for each interpolation method are presented in Table I . The experimental interpolated results of "Peppers" are shown in Fig.5 . From Fig.5 and Table I , we know that the proposed WaDi interpolation can get both higher interpolated accuracy and clearer edge details than those of the conventional WaDi interpolation.
CONCLUSION
The proposed WaDi interpolation in this paper uses both the local asymmetry features and the local gradient features of an image to compute the warped distance. In this way, more image local information is considered to estimate the interpolated pixels than that in the conventional WaDi interpolation. Experiment results show that high accuracy interpolated images can be obtained using the proposed WaDi interpolation.
